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SmMARY 



The effect on static lonfiltucllnal stability of 
freeing the elevator Is shown to he similar to the effect 
of altering the slope of tne tall lift curve by a factor 
that depends upon the aerodynsiinlc characteristics of the 
horizontal tall surfacee. The stlck-JVee neutral point 
may then be determined fro!n stick-fixed data by taking 
account of the reduction of tall effectiveness. 

Two graphical mathoda for determining bhe sblck-free 
neutral point, which are extensions of the methods 
commonly used to determJ.ne the stick-fixed netitral point, 
are prosentod. A uiabhcmatlc:el formula for computing the 
stick-free neutral point is aJso f^lven. These .nethods 
may bo applied to determine approximately the increase In 
tall sice necessary to shift the neutral point (with 
stlcic free or fixtd) to any 'leslred location on an air- 
plane having inadequate longitudinal stability. 



ITJTRCT)lTCTION 



The stick-fixed neutral point was defined in 
reference 1 as the center-of-gravity location at which 
the stability, as measured by tho slope of the curve of 
pitching -moment coefficient Cjjj plotted against lift 
coefficient Cj^, Is neutral with the airplane trimmed. 
The conditions are stiated mathematically as 
dCjo/dCL =0* Cm = 0. This center-of-gravlty location 
is the limiting (most rearward) location at -iiAilch varia- 
tion of trim speed with elevator deflection 5^ is 
conventional (that is, up deflection of the elevator 
decreases trim speed and down deflection of the elevator 
increases trim speed). The condition thus defined is 
d6e/dCL = 0. 
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Elevator deflection alone, however, does not neces- 
sarily determine the variation in stick force that will 
be felt by the pilot. The stick forces required to 
change speed are made up of two components ; that due to 
direct elevator deflection, and that due to the change 
in angle of attack at the tall \ihen the attitude of the 
airplane changes in response to the control deflection. 
The stick-force vpriatlon with respect to speed, conse- 
quently, depends upon both dCj^/^a^ and ftCj^Se of 
the tall, #\ere 6c^/<^a^ is the rate of change of 

elevator hinge-monent coefficient with tail engle of 
attack and dOj^/^SQ is bho rate of change of elevator 

hinge-moment coefficient with elevator deflection. 

The neutral point with tfcs stick I'ree (elevator 
free to float) is related to that with the stick fixed, 
for the conditions to be met with the stick iree ere, 
mathematically! dCm/dCL = ^\ C«i = 0, Ch = 0. The 
condition thus defined is A&r^/dCi, = 0, where Orp is 

the trim-tab deflection. The present paper shows hov/ 
the third condition Gyi ^ 0 may be taken into account 

as an extension to the methods of deternining the stick- 
fixed neutral point of reference ] . 

For the purposes of this renort it is ass\amcd that 
-Cji/^Sq and dojj/^at are constant at any particular 

lift coefficient being investigated rogardle&s of the 
angle of attack at the tall or the elevator deflection, 
that tab deflection has negligible effect on tail lift, 
and that the elevator is sbatically balanced. The 
other qualifications in the use of the methods are given 
in reference 1. The symbols used in this paper are 
defined as they occur in the text and are summarized in 
the anpendix. 



TAIL EPFECTIVEfiESS WITti FREE ELEVATOR 



Tlie pitching nomsnt contributed by the tall and the 
increment of stability contributed by the tall are seen 
to be directly proportional to the slope of the tail 
lift curve dCj^/bCLj^ from eqviations (I7) and (I8), 

appendix A of reference 1. 
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The relation between the slope of the tall lift 
curve with elevator fixed and the slope of the tall lift 
curve with elevator fi-ee may be found as follows : In 
general, with the elevator fixed, and at any dynamic 



ir\ pressure. 



"Lt = -K^'t * S^Oe (1) 



and the associated hlnge-^ic jent coefficient with elevator 
statically balanced Is 

dCv 60^, bCy, 



If the elevator Is allowed to float, 'vith a fixed trim- 
tab settln£', the left-hand member of equation (2) may be 
equated to zero, v.'hence 



(3) 




Combining equations (1) and (5) yields 



d5g d6, 



If equation (I4.) is differentiated with respect to a^. 



da 



t " tfh 
6«e 



(5) 



The ratio of (dCj^ /da^.) to dOT^/da^j Is then 
— i. = 1 - 



'Lt ^Cfc 



(6a) 



"557 

which iiisy be written as 

k = 1 - R (6h) 

where 



Ct 13ft coefficient of horizontal tail with elevator 
t fixed 

Ct lift coefficient of horizontal tail with elevator 
tf free to float 

Cjj elevator hinFe-inoment coefficient 

o. angle of attack of tall wlbh respect to relative 
^ wind et tail 

6g elevator deflection with recpect to statlllzer 
chord lino 

■ tab deflection with respect to elevator chord line 

dCj^ rate of change of tall lift ccofficlent with tail 
_t angle of attack, elevator fixed 



rate of change of tall llfb coefficient with tall 
angle of attack, elevator free 



at 



rate of change of tall lift coofflcient with 
el3vator deflection, fixed 

060 



, dCji rate of change of elevator hinge "Tno:iient coefficient 
' with tall angle of attack, elevator and tab fixed 

6Cjj^ rate of cliarige of elevator hinge -moment coefficient 



65, 



wlch elevator deflection, angle of attack and 



e tah fixed 

dc^ rete of c'large of elevator hinge-n'oment coefficient 
■^p-- with tab deflection, angle of attack and elevator 
deflectiori fixed 



olevaior-fl'es effectiveness factor 



It may te 3orn frrm e4""'t"lon& (6) that the effective- 
ness of the teil \;it!T ■:^k.:- r frree in proiucing ?-lft 
(and hence ptpbiTity ai^ pljohin/ Lomor.t) is related to 
the 3ffecti'*eresn cf "ztie 'c^ll w*u>-- elo"iitoji? fSxci ty a 
factor k dopenJent apcn ':;ho aorcdynaviic cliaracterlstlcs 
of the horii-ontal tail ard elevator. Piirther, It may- 
be seen that this lector is inde^endeni: of ube trim-tab 
settiiif, sbabilizcr setting, and dyna.iic pressure at the 
tall, if the dynjuaic-press-ui'e raolo is felrly unifor^j 
over the tail. 

The neut-rel point with tbe s'ulck free xnay then be 
detennir.ed by rectifyiiig data from conventional bests 
with a].evator fixed accordinc to the factor £,iven in 
equations ( 6 ) . 



DETERISINATION OP STICK-FRriii JJETTTRAL POIiST 

Method I 

Assume that conventional p itching-moment curves of 
the form shown in figure 1 have been obtained for a model 
with elevator fixed. (Thes<jr curves are for a fictitious 
airplane • ) 
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It has been shown In reference 1 that. If ^Cj^/dC-j^'^ 
Is plotted against ^j^/^j^ ^wo elevator (or stabilizer) 

settings at a given (fig* 2), the location of the 

center of gravity for neutral stability Is the point 
where (^^M^j^y, i^ equal to 0^0-^; that la, the neutral 

point is the point of intersection between b atraight line 
connecting these two plotted points and a line having the 
equation ('^f^m/^'^L) ~ ^m/^L* figure 2, the neutral 

point is given in chords forward or rearward of the center 
of gravity about which the data are given, depending upon 
whether Cj^/Cl Is positive or negative at the point of 

inter.^ection. Ttie value of dCui/dCj^ and 0^/0^ for 

the tail-off curve is now plotted in figure 2; the values 
are taken at the same as for the two elevator set- 

tings. For this example, Is selected as 1-.2. 

Prom figure 2, it Is apparent that the contribution 
of the tall to stability la the difference in ordlnatea 
between the tail-off and tail-on points plotted, whereas 
the contribution of the tall to pitching moment (plotted 
as Cqi/Cl) Is the difference in abscissas. If, then,- ■ 

the action of freeing the elevator is represented by a 
decrease in tail effectiveness as has been shown, these 
values of the differences in ordlnatea end abscissas may 
be multiplied by the effect iveneaa factor k. Tlie 
result obtained is the equivalent of multiplying by k 
the length of the dashed lines a of figtire 2. 

As an example in the use of this method, assTime that 
the following aerodynamic characteristics have been 
determined for the tail of the airplane of figure 1 (the 
methods for obtaining these characteristics will be 
discussed later): 

dc^/da^ = -0.0012 /^dt ' 0.0630 

Then, from equations (6), 

V = 1 - -0.0012 0.03k 
-0.0050 0.068 

= 0.80 
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and 



R = 0.20 



which indicates that the slope of the tall lift cvirv© 
with the elevator free la 80 percent of that wlbh the 
elevator fixed. if this factor la applied to the 
dashed lines of figure 2, a new line la obtained; the 
Intersection of this line with the line- 



determines the stlck-fl-ee neutral point. From figure 2, 
It may be seen that the sfcl-ck-free neutral point Is for- 
ward of the stlcl:-flxed neutral pclnt about 0.05i; 
(or 5'^ percent) of the mean aerodynamic chord for this 
example . 



It has been shown in reference 1 that. If the tan- 
gents to t'.vo or more elevator (or stabilizer) cur^'es at 
a given lift coefficient are extunded until they i.ieet 
(fig. 3), the slope of the line drawn fl'om this point of 
inter aoctlon through fCnj = 0, Cl = 0) gives the loca- 
tion of the stick-fixed neutral point in chords forward 
or rearwerd of the center-of-fravlty location about which 
the data are computed. The prluclpldsi involved are the 
same as those used to obtain neutral points by the method 
of figure 2. 

It can be shown that, if the tangent to the tail-off 
curve at the Cl under conalderation is extended to a 
point having the same abscissa as the point of inter- 
section of the tangents to the elevator curves, the 
difference In ordlnates of the two points b Is pro- 
portional to the elevator-free effectiveness factor k 
(fig. ^5). For the fixed-elevator condition, k = 1.0. 
With the elevator free, the value of k determines a 
new point through which to draw the line through 
(Cjjj = 0, = 0) in order to find the neutral point. 
For the example under conaidoratlon (fig* 5)f the dif- 
ference between stick-frei, end stick-fixed neutral points 
is again seen to be equal to ^.)^ percent of the mean 
aerodynamic chord. 



A mathematical analysis to determine the shift in 
the neutral point due to freeing the elevator, which 
takes Into account the variation of dynamic-pressure 




Method II 



Method III 
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ratio at the tall, has been made In reference 2. The 
neutral-point shift has been shown to be 



qo ^Oi/da V ' day 



(7) 



where 

n neutral-point location, chords behind loading 

P edge of mean eerodynamlc chord, stick fixed 

In reference 1) 

np neutral-point ] oca t Ion, chords behind leading 
^f edge of mean aerodynamic chord, stick free 

Anp shift in neutral point due to freeing elevator 
("Pf - "P) 

dCr 

^t increase in slope of tail lift curve due to 

freeing elevator ; _r-t — ~ 1 

\ ^t/ 

V tail volune ^ 

St horizontal tall area 

8 wing area 

1^ tall arm 

c" mean aerodynamic chord of wing 

. average dynamic pressure at tall compared with 
free-stream dynamic pressure 



<1 



o 



rate of change of qt^o airplane Cl 

slope of lift curve for complete airplane 

da 

d c rate of change of average downwaah angle at 

da tall with airplane angle of attack 

If Qt/^o constant value 1 (as for 

wlndmllllng conditions), equation (7) reduces to 

dC 



P oo^ dCi/da \ daj 



(8) 



Inasmuch as 



and 



^ - 5a ^ ^ 
dCj/da dC^ 

then equation (7) becomes 

dCj^ dot 

^"p 577^ 



1 - 



where 



(10) 



dCj^ rate of change of pltchlng-raoment coefficient 

Tr~ with stabilizer angle, at any particular 

t airplane Cj^, elevator fixed 
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da^ rate of change of tall .angle of attack vlth 

airplane lift coefficient 



METHODS PGR DETSRMININCJ TAIL CHAhACTERISTICS AND FACTOR R 

AerodTnemlc characteristics, such ea bc^^/da^ and 
6Gii/66q, mentioned in the present paper (except for 
dCm/dlj; in equations (9) and (10)) were based on actual 

dynamic pressure at the tail. Thus these v/ould be the 
values foTjnd in tests of an isolated tall surface. m 
tests of a complete model, however, the dynamic pressure 
at the tall will Influence the hinge moment and lift 
produced per degree of elevator or stabilizer variation; 
and the dynamic pressure will vr^ry, in general, v/ith 
airplane attltu'le. It is then necessary to determine 
the value of the tall characteristics and H under 
conditions where qtAlo tall varies, as it would 

on the actual elrplano. 

The value of the factor H hes been shown to be 

T — " /V . - Tv — . The ratio t-- — 75—- Is independent of 

the dynamic -pressure ratio. The value of ^ — may 

be determined from elevator and stabilizer tests by taking 
the ratio at any lift ocefficient or finding the average 
at several lift coefficients of the airplane, if the 
hlnge-moment-coeff Icl^ent variation is linear. By the 

same reeaonlng iiL-— — is independent of qt/*lo 

the tail if it is assumed that ^t/^o fairly uniform 
over the tall span and, further, ^Cl^/^Sq Is directly 

proportional to dCjo/dif Thus 
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dCV,/d6e 

and the ratio — — la constant at any value of 

- dC^dl^ 

airplane lift coefficient. 

If the actual values of dCh/dat and dCh/d5e 
(with respect to the actual value of the dynamic pressure 
at tho tall) are desired from wind-tunnel data obtained 
from tests of complete models, they may be found from 
the relationship 

_ (^Oh/^Qe)exr. 
•551 qtAo 



and, similarly. 



If the' valu?rs for* ACj^^/^^q ^^nd dCL^/dat -cjce desired 
from vflnd-ttmnel data, the following relations apply: 




dCir/dlt 
'It, 



and, similarly, 

^o 

DISCUSSTC:! OF tffiTHODS 



It may be advantageous at this point to Indicate 
the physical significance of the operations performed by 
these methods for finding the stick-free neutral point. 
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Basically, It Is desired to obtain two or more curves of 
Cm plotted against Gj, for the model with the elevator 

free to float, FiB cause, with the controls free, an air- 
plane must fly with zero elevator hinge inoment, fll^t 
speed or attitude can be changed only by varying either 
centor-of-gravlty location, trim-tab setting, or stab- 
ilizer Incidence, for any particT\lar airplane configura- 
tion. Control-i'ree flight may be reproduced in the 
wind tunnel by obtaining two or r.;ore pltching-morient 
curves with the elevator free with different trim-tab 
settings (or stabilizer incidences), and the neutral 
points with the stick free may bo found directly by the 
methods of reference 1. 

This procedure may also be used in flight to 
determine neutral points with elevator free. The air- 
plane may be flown with several center-of-gravity loca- 
tions and the trim-tab settings required for trim may be 
determined throughout the speed range. Because an 
airplane can fly steadily only with Cm = 0, the out-of- 

trim pltchlng-monent curves as obtained fror. wind-tunnel 
teats need not be determined. TVie neutral points may be 
determined directly as the center-of-cravity locations at 
which the variation of tab angle required for trim does 
not change v/ith speed (d5^/dCL = 0). Similar tests can 

be made with a wind-tunnel model if the elevator is 
statically balanced and allowed to float freely with the 
tab at various settings. The pltching-moraent curves 
obtained might then be handled In the manner described in 
reference 1 for the determination of sticlc-fixed neutral 
points. This method has been avoided, in general, 
because of the necessity for increasing the length of the 
test program but may be the only satlEfcctory mothod to 
follow for models having nonlinear hlnge-raoment character- 
istics. 

By applying the methods previously described It is 
possible to determine the stick-free characteristics 
graphically or mathematically ftom the stick-fixed 
characteristics, provided that the hinge moments of the 
elevator have been determined during the elevator -fixed 
tests made vilth various stabilizer and elevator settings. 

Although the lift characteristics of the tall of 
wind-tmnel models have been found to represent fairly 
closely those of the tail of the actual airplane, the 
hinge moments have been found to be critically dependent 
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upon the accurate representation of the tall-surface 
dimensions, with respect to such details as gap, thick- 
ness, and traillng-edge angle. Further, the effect of 
scale may distort the model hinge-moment characteristics 
even if the tall configuration is reproduced with the 
ngiaximum of accuracy. It has, consequently, been found 
desirable at times to test Isolated tall surfaces of 
relatively large scale and to apply these data in con- 
Junction with small-scale complete -model data to 
estimations of flying qualities of the airplane. It is ' 
apparent that the aerodynamic characteristics of the 
large-scale taij. surface with respect to stick-fi?ee 
stability may be represented to a fair degree of accuracy 
by determining the value ji^ the constant k. The effect 
of the free-floating elevator on the location of the 
neutral point may then be found by the methods described 
if the tall-fuselage iiiterference effects are approximated. 
The effects of tail-fuselage interference have not been 
subjected to rational analysis. So:ne approach to the 
interference effect may be nade by testing the large- 
scale tall sxirface in the presence of a sttib fuselage, 
for conventional airplanes, or in the presence of stub 
booms, for twin-boom airplanes. if such tests are not 
possible, the effect must be estlnzated. 

The effectiveness of a tail surface as measured by 
the slope of the tall lift curve with elevator fixed may 
prove to be different in the teabs of a large-scale tail 
model from that obtained from tests of a small-scale 
complete model. m this case the effects may be taken 
into recount and the wind-tunnel results corrected graph- 
ically by considering that the difference la due to an 
Increase In the factor k , or mathematically by the use 

■ ■• ^^Lt 

of equation (7) where A-r is the increase or decrease 

oat 

In ^Cjj^/^o.^ obtained from tests of the large-scale 

surface over that obtained f^om tests of the small-scale 
complete model. Also the size of the tail surface needed 
to shift the stick-fixed neutral point to any desired 
location may be determined approximately by considering 
a larger surface as havini;; sin increased effectiveness 
and solving graphically or by equation (7) again. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langloy Field, Va. 



APPEHDIX 



SYMBOLS 



pitchlng-moment coefflclant 
lift coefficient 

lift coefficient of horlzontel tall, elevator 
fixed 

lift coefficient of horizontal tal] , elevator 
fl*ee to float 

elevator hinge -moment coefficient 

angle of attack of tall with respect to relative 
wind at tall 

elevator defiecblon with respect to stabilizer 
chord line (positive vri.th T.E. down) 

tab deflection with respect to elevator chord 
line (positive with T.S, down) 



rate of chan£:e of tall Hit coeffJclent with 
tail angle of attacl:, elevctor fixed 



rate of change of tall lift coefficient with 
tell angle of attack, elevator freo 



rate of change of tall lift coefficient with 
elevator deflection, fixed 



rate of chan^;e of lelevatcr hin£;e-norr.ent coef- 
ficient with tall aru^le of attack, elevator 
and tab fixed 



rate of change of elevator hinge -rccment coef- 
fidont wltb elevator deflection, eiicle of 
attaclc and tab fixed 
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rate of change of elevator hinge-moment coef- 
■ - -flclent with tab deflection, angle of attack 
and elevator deflection fixed 

olevator-free effectiveness factor (1 > R) 

original center-of ^gravity location about which 
data are given, chords behind leading edge of 
mean aerodynamic chord 

neutral-point location, chorda behind leading 
edge of mean aerodynamic chord, stick flxod 
(Xq in roferonce 1) 

neutral-point location, chords behind leading 
edge of mean aerodynan^lc chord, stick free 

shift In neutral point due to I'reeing elevator 



increase in slope of tajl lift curve due to 
freeing e 



tall volume 



horizontal tail area 
wing area 
tall arm 

mean aerodynamic chord of wing 

angle of Incidence of stabilizer (stabilizer 

setting) with respect to horizontal reference 
line of model (positive with T.E. down) 

average dynamic pressure at tail compared with 
free-stream dynamic pressure 
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dCL 
da 

da 



dCm 



dot 
dC^ 



rate of change of ^^Mq with airplane c 



slope of lift curve for complete airplane 



rate of change of average downwash angle at 
tall with airplane an£le of attack 



rate of change of pltchlng-moa-ent coefficient 
with stahlllzer anjle at any particular 
airplane C-jj, elevator fixed 



rate of change of pltchlng-moment coefficient 
with elevator angle at any particular airplane 
C-r , stabilizer angle fixed 



rate of change of tall angle of attaik with 



elevator settings 

referred to center of cre.vity about which data 
are presented 

experimental values 



airplane 13ft coefficient 




Subscripts : 
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